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件为：毛细管柱 HP-INNOWAX ，柱流速 1.0 mL/min；进样口温度 250 C，




拌转速的影响，确定适宜的甲酯化工艺： NaOH-CH3OH 溶液与油脂皂化 1 h，
再甲酯化 3 h，酯化温度 80 °C，催化剂体积分数 2.0%，转速 400 r/min，产品
中花生四烯酸甲酯(AA-ME) 含量为 37.75%，产率 88.35%。再与乙醇以体积比
1:10 在-5 °C 下结晶 2h，样品中 AA-ME质量分数提高到 50%，产率为 90%。 
然后，以 AA-ME 样品为原料，考察了分子蒸馏富集的影响因素，得到最
佳富集工艺：操作压力 1.0 Pa，蒸发温度 80 °C，转速 150 r/min，冷凝温度







































Arachidonic acid(AA) is one of the -6-polyunsaturated fatty acids, which has 
important effects on human physiology, including the cardiovascular disease 
prevention, the development of brain tissue promotion, the retina function 
improvement and anti- inflammatory cancer etc. It has been widely applied to health 
food, medicine, feed and other areas. The sold AA is mainly gained from the deep sea 
fish oil and animal innards, but far to satisfy the market need for its limited resources. 
AA from microorganism culture production has effectively resolved the problem. This 
paper summarized the main methods of separation and purification on AA, plus their 
advantages and disadvantages, and proposes the use of low temperature solvent 
crystallization combined with molecular distillation to enrich AA from microbial oil.  
Firstly, a gas chromatography method for the determination of AA from 
microbial oil was developed. Capillary column HP-INNOWAX with FID, column 
flow of 1.0 mL/min, injector and detector temperature of 250 °C, column temperature 
of 240 °C lasting for 30 min and diversion ratio of 10:1 were used for detection. 
Qualitative analysis of the derivative samples was carried out through the infrared 
absorption spectrum(IR) and gas chromatography-mass spectrometry(GC-MS), 
confirming the composition of the products.  
Secondly, the methyl esterification of microbial oil was optimized with respect to 
temperature, reaction time, catalyst(concentrated sulfuric acid)dosage and agitation 
speed using one-factor-at-a-time combined with orthogonal array design method, 
using acid catalyst method. The appropriate methyl ester process was achieved after 1 
h of saponification with NaOH-CH3OH, followed by 3 h of reaction at 80 °C and an 
agitation speed of 400 r/min under the catalysis of 2.0% concentrated sulfuric 
acid.The obtained product contained 37.75% AA with the yield of 88.35%. Proceed 
with 2 h of crystallization at -5 °C using ethanol with the volume ratio of 1:10, the 
mass fraction and yield of AA reached 50% and 90%, respectively.  
Afterwards, the influence factors of molecular distillation enrichment were 
investigated with AA-ME as raw materials. It showed that the mass fraction and the 
















operation pressure of 1.0Pa, distillation pressure of 80 °C, agitated speed of 150 r/min, 
cool temperature of 10 °C and feed rate of 1.5 mL/min. Proceed with first molecular 
distillation distillate for three times of distillation, the mass content of AA increased 
to 70.14%. The product appeared pale yellow and released almost no smell. 
Finally, the numerical calculation of the molecular distillation enrichment 
process was carried out.The calculation results of molecular mean free path showed 
that the distance between evaporating plane and condensing side was far greater than 
the molecular mean free path. As to no obvious influence on the separation efficiency 
of product, molecular distillation device could amplify appropriately. Using mixing 
pool model to describe the liquid film evaporation process, the simulation calculation 
and experimental value had certain alignment.  
Key Words: AA; methyl esterification; low temperature crystallization; molecular 
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多不饱和脂肪酸(polyunsaturated fatty acids，简称 PUFAs)是指在脂肪链上
含有 1 个以上双键且碳原子数为 18-22 的直链脂肪酸。通常分为 ω-3 和 ω-6 系
列，在多不饱合脂肪酸分子中，距羧基最远端双键在倒数第 3 个碳原子上的属
于 ω-3，包括亚麻酸(linolenic acid)、二十碳五烯酸(eicosapentaenoic acid，EPA)
和二十二碳六烯酸(docosahexaenoic acid，DHA)等；在第六个碳原子上的，属于
ω-6 系列，包括亚油酸(linoleic acid)、花生四烯酸(arachidonic acid，AA)等 [1]。
PUFAs因其独特的生物活性，引起了人们的极大兴趣。 
1.1 花生四烯酸理化性质 
花生四烯酸(Arachidonic acid，ARA或 AA)，系统名为全顺式 Δ-5, 8, 11, 14-
二十碳四烯酸，其中第一个双键起始于甲基端起第 6 个碳原子，属于 ω-6 系列
的多不饱和脂肪酸，简记为 20:4(n-6)。其分子式为 C20H3202，相对分子量为
304.47，化学式为 CH3(CH2)4(CH=CHCH2)4CH2CH2COOH，结构式如图 1.1 
 
图 1.1 AA分子结构式 
Fig. 1.1  The structure of AA 
AA 常温下是淡黄色油状液体，溶于乙醇、丙酮、苯等有机溶剂，沸点为
245 ºC，熔点为-49.5 ºC，碘值为 333.50 gI/100g，中和值 184.20，折射率 1.4824，
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猪肝的脂肪成分中，AA 含量约为 11.2%；猪心的脂肪成分中，AA 含量可达
15.9%；而在人的胎盘组织中，AA 的含量更是高达 20%~25%；鱼油中也含有
少量的 AA，一般在 0.2%左右[3-5]。在母乳中，天然存在着丰富的 AA，γ-亚麻
酸和 DH-γ-亚麻酸。一般母乳脂质中 AA 含量为 0.6%~3%，DHA 含量为















































重要生物活性，是许多二十碳烯酸衍生物如前列腺素 E2 (PGE2)、前列环素 
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